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Abstract 
House of Trees in Prague Průhonice is a project for a small public building offering  
education about nature. In this thesis, the original architectural study of the building is 
improved, a new structural system determined and the best material solution for the object´s 
elements found. Then, the project is processed in two energy standards - Passive House 
Classic and Passive House Premium. Natural materials, renewable sources of energy, and 
sustainability in the whole life cycle of the building are the main topics. The final results 
are compared to each other considering all positives and negatives.  
 
 
Abstrakt 
Dům  Stromů Průhonice je projekt malé veřejné budovy, která nabízí vzdělávání o přírodě. 
Tato práce se věnuje úpravě původní architektonické studie, navržení nového 
konstrukčního systému a nalezení nejlepšího materiálového řešení pro stavební prvky 
budovy. Poté je  projekt zpracován ve dvou energetických standardech – Pasivní Dům 
Classic a Pasivní Dům Premium. Hlavními tématy jsou přírodní materiály, obnovitelné 
zdroje energie a udržitelnost v celém životním cyklu budovy. Posléze jsou výsledky této 
práce zhodnoceny a vzájemně porovnány s přihlédnutím na všechna pozitiva a negativa 
daného návrhu.  
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1 Introduction of the Project 
 
1.1 Personal Motivation 
It has always been a part of human nature to protect itself against difficulties connected 
with adverse weather. Much time has passed since humans first began constructing proper 
forms of shelter in order to survive. The first hiding places were simple: a naturally carved 
cave in the rock was enough to live in. Then, as time went by, the first buildings appeared 
with stone and wooden structures. If we skip centuries of evolution and look at the present 
situation we will see that the humankind developed incredible materials, structures and 
technological systems. It was found that over time, the better our buildings were the less 
time we needed to spend outside fighting the elements and other dangers. Architecturally 
speaking, everything today is evolving faster and faster with the focus more often on short 
term, economic efficiency. However, with even little study or scant observation it is quite 
evident that this line of thinking shows that “human progress” more often is detrimental to 
our ecological systems and that everything which provides short term comfort has its price 
and  the resources which our planet Earth provides are not infinite. 
In order to protect nature and the environment, and even to protect ourselves, the building 
design becomes more than just a creation of places where we can hide from bad weather 
and spend a night. The term “sustainability in building design” was created for the purpose 
of lowering the requirements during the complete life cycle of the building while creating 
a healthy indoor environment where people can spend majority of their time without 
harming the environment outdoors.  
My motivation consists of improving the sustainability in building design as much as 
possible. As a former student of “Architecture and Civil Engineering” I would like to use 
my knowledge to create a compromise between proper building design and quality 
architecture in order to form the most possible sustainable whole.  
 
1.2 Thesis Structure 
The thesis is divided into three sections:  
The first section is about improving the former design of “House of Trees” architecturally. 
In the second part the most appropriate structural system is designed, described and the 
main load bearing components are calculated. This part is also dealing with possible 
materials and their variants. The third part is about designing the most suitable technical 
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equipment according to the application of the Passive House Classic (PHC) and Passive 
House Premium (PHP) energy standards to the building project. The end of the third section 
and this thesis is about comparison of learned data.   
 
 
1.3 Objectives and key questions 
The original design of the building is an architectural study with many inadequacies and 
this thesis is a great opportunity to discover exactly what they are and improve them as 
much as possible. The building should not be improved only aesthetically but also, perhaps 
more importantly, from a structural and technical aspect. The 21th century offers a lot of 
new technology which can be used to achieve quality construction with low energy 
demands and great indoor environment. Another main goal is to find the best possible 
materials in order to design the most appropriate solution to the building´s envelope, 
suitable to its concept and environmentally friendly at the same time. One of the main 
questions is dealing with the difference between two energy standard variants of the 
building and finding out the amount of technical equipment and their combinations in order 
to achieve them. Work with variants creates a major aspect of the House of Trees master 
thesis.  
 
Another question discussed in this project: is there any need of improving the building´s 
thermal envelope once it has already been in PHC standard?  
 
The general goal of this Master’s thesis is to design a modern building fitting to its 
surrounding environment, using the proper materials to find out the best technical solution 
in order to create the most sustainable whole.  
 
1.4 Methodology 
In the process of creating this Master thesis, many software tools were used. For the 
architectural purposes there were three computer programmes used. The first of them is a 
software for 3D building information modelling (BIM) called Autodesk Revit Architecture 
2016, [Revit 2017] where the whole model of House of Trees was made including the floor 
plan and cross section. The following stage proceeded in Autodesk 3ds Max 2016 [3ds Max 
2017] which cooperates with Revit and for the purposes of this thesis served as a tool for 
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visualisation rendering. The final phase of the architectural part was continued in Adobe 
Photoshop CS6 2012 [Photoshop 2012] where the final adjustments were made. 
 
In some cases, the software Edubeam 2016 [Edubeam 2016] was used for the purposes of 
static calculation. Edubeam is a free software for basic calculations of internal forces, 
deformed shapes of the elements, reactions and more. For more complex static design, the 
Scia Engineer 16.1 [Scia 2016] was used. Scia supports a wide range of national standards. 
The most important standards for the thesis requirements are Eurocodes [EN 1990] and 
[EN 1995]. The same standards are used for the statics calculation in chapter 4.1.2. 
 
All construction details were made with 2D modelling in ArchiCAD [ArchiCAD 2016]. 
All tables and graphic of the calculations were created in Microsoft Excel 2016. [Excel 
2016] 
 
The calculation of the materials environmental impact is based on the information from the 
Envimat database.  [Envimat, 2016; for more about environmental methodology see chapter 
5.1] 
 
For the calculation of the object´s energy balance and for the comparison of PHC and PHP, 
the Passive House Planning Package Version 8 (PHPP) was used [PHPP 2013].  
 
1.5 State of Art 
1.5.1 Solar Architecture 
 
1.5.1.1 Jacobs House (Solar Hemicycle) 
One of the greatest examples of solar 
architecture can be found in Middleton, 
Wisconsin, where one of the most famous 
American architects Frank Lloyd Wright built 
a house called Jacob House, or Solar 
Hemicycle House.  
 
 
Figure 1: Jacobs House   [JACOBS, H., 1978] 
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 [JACOBS, H., (1978)] 
  
[JACOBS, H., (1978)]  
  [JACOBS, H., (1978)] 
 
The house is a unique piece of architecture which provides an open space interior with a 
sufficient amount of light due to the full glazed southern façade. The protection against 
cold winds is designed on the eastern, northern and western side of the building. These 
sides are bermed up to the height of the clerestory windows at the second floor level.  
The Jacobs House uses the power of the Sun for heating during the winter, when the Sun 
is low and can heat up the floor in order to provide radiant heating. During the summer, 
when the Sun is high, the building shape and overhang do not allow the direct sunlight to 
overheat the interior.  
The Solar Hemicycle House is a great example of solar architecture and many 
contemporary home styles owe much to this original concept. [Coleman (1989)] 
 
1.5.2 Passive House Classes 
Passive Houses are considered building with especially high level of thermal comfort with 
minimum energy consumption. In general, the Passive House Standard provides great cost-
effectiveness mainly in the case of new builds. The categories Passive House Classic, Plus 
or Premium can be accomplished depending on the renewable primary energy (PER) 
demand and generation of renewable energy. [Passive House Institute, (2016)] 
Figure 2: Jacobs House ground floor 
Figure 3: Jacobs House cross section 
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Table 1: Passive house criteria [Passive House Institute 2016] 
 
Figure 4: Passive house classes [Passive House Institute, 2016] 
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Figure 5: Passive house classes diagram [Passive House Institute, 2016] 
 
2 Introduction of House of Trees 
 
2.1 Localization of project 
The project is situated in Czech Republic in the Dendrologic Garden located in the suburban 
part of Prague called Průhonice. [see Figure 6 and Figure 7] Průhonice is known for its big 
park covering 250 ha and Castle of Průhonice. The D1 highway is located between the Park 
(approximately one kilometre as crow flies) and the Garden. This motorway heads either 
to Prague at the North-West or Jihlava, Brno and other big Czech cities at the South-East.  
 
Around the Garden there are Commercial Facilities including a waterpark and shopping 
centres. Across the Highway there is a Residential district with Public infrastructure and 
the already above mentioned Park.  
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The Dendrologic Garden has three public entrances and two employee entrances. In the 
garden, there are various collections of trees and plants and water surface in the form of the 
Black Pond. 
 
Our plat is situated in the southern parts of the Garden and covers an area of 3200 m2. [see 
Figure 8] 
 
Figure 6: Localization of the Czech Republic 
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Figure 7: Localization of Průhonice 
 
 
Figure 8: Connections and surroundings  
The background images were taken from sources [Seznam 2016] and [Google 2016] 
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2.2 Purpose 
Dendrologic garden in Prague Průhonice develops and fulfils a regional concept of 
Environmental Learning, Education and Enlightenment (ELEE) and according to the 
marked out goals continues with the Czech State program of ELEE (year 2000) and Region 
Developing Program (year 2001). According to ELEE plan, Dendrological Garden 
“Realizes effective enlightenment programmes and events for public, focused on nature 
protection, sustainable development and exploring nature. These programmes are targeted 
at so far passive part of the public”. The upcoming areal should enable and improve 
education for broad layers of the population in the area of Biology, Dendrology, Ecology 
of trees and gardening through:  
 
- Education programmes for schools 
- Thematic expositions  
- Lectures 
- Projections of films about protection and creation environment 
- Professional expositions 
 
The goal is to face the alienation of children from the environment, support and fulfil free 
time activities for parents and kids together and develop a way for  families to spend free 
time. Furthermore, Dendrologic Garden aims to educate young students in an interactive  
way that appeals to them specifically while increasing professional qualifications of 
employees who participate in creating a more sustainable environment.  
Translated by Filip Sládeček from [SMOLA 2013] 
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3 Architectural Part 
 
3.1 Original Design 
3.1.1 Concept 
 
Figure 9:Original concept 
The concept of House of trees is about creating a simple shaped building opened to the 
technical background on the south in order to enable the possibility for visitors to undertake 
educational tours there. A semi-transparent wooden cage surrounds the building The design 
of the outdoor exposition is covered by various plants. The façade under the cage is 
designed “green”, with living plants. The outdoor exhibition continues with examples of 
water plants which grow in front of the building in the pond. The roof of the House of Trees 
is covered with extensive greenery. 
 
The front of the building is designed as a double glazed façade. 
 
3.1.2 Site Plan 
The original site plan is almost the same as the new one. In order not to duplicate 
materials, the site plan can be seen in chapter 3.3.4. 
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3.1.3 Floor plan 
 
Figure 10: Original floor plan 
 
Object information:  
Built up area – 618 m2 
Floor area – 557 m2 
Building volume – 2470 m3  
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3.1.4 Cross Sections 
 
Figure 11: Cross section A-A´ 
 
Figure 12: Cross section B-B´ 
 
3.1.5 Elevations 
 
Figure 13: Original south elevation 
 
Figure 14: Original north elevation 
 
Figure 15: Original east elevation 
 
Figure 16: Original west elevation 
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3.1.6 Structural System 
The structural system solution of the House 
of Trees was firstly designed as a reinforced 
concrete system with combination of 
loadbearing columns and walls founded on 
reinforced concrete slab. Construction of the 
roof is also from reinforced concrete.  
 
Construction of the wooden cage was not 
part of the original design.  
 
3.1.7 Energy, Ventilation and Rain Water Management 
Energy, ventilation and rain water management were only secondary tasks of the original 
project. There were no calculations made as a part of this task. The other managements 
were not part of the first project.  
 
For the main source of energy, the heat pump is designed with ground collectors and the 
semi-transparent photovoltaic foils on the front glazed façade. The roof is not used for 
photovoltaics.  
 
Ventilation in the building is designed as mechanical with a heat recovery system. The front 
side of the building is designed as a double glazed façade in order to prevent overheating 
during the summer and thermal losses through winter.  
 
The rain water management consist of two downpipes in the centre of the building. The 
rain water is stored in the tanks under the building.
Figure 17: Original structural system 
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3.1.8 Visualizations  
 
Figure 18: Original visualization 1
15 
 
 
 
Figure 19: Original visualization 2 
 
Figure 20: Original visualization 3 – view from the cage 
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3.2 Green Architecture 
 
3.2.1 The ‘Sun-Root’ Living Roof System 
Every photovoltaic system loses efficiency when temperatures are too high. The Sun-Root 
system allows to use the advantages of both a green roof and roof photovoltaic panels in 
order to create the most advantageous whole.  
 
The extensive green roofs have been used for a very long time to insulate during the winter 
and cool down through the summer. Evaporation of rain water from the substrate and 
greenery produces cooler environment which increases the efficiency of photovoltaic 
panels. 
 
Sun Root modules are made of recycled plastic and can be placed on the roof without any 
penetration of the roof area. The weight of the substrate and gravel is used to fix Sun Root 
elements to the rooftop. [Breuning, 2012] 
 
 [Breuning, 2012]  
[Breuning, 2012] 
 
Figure 21: Sun-Root system 1 Figure 22: Sun-Root system 2 
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Figure 23: Sun-Root system schema 1 [Breuning, 2012] 
 
Figure 24: Sun-Root system schema 2 [Breuning, 2012] 
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Figure 25: Sun-Root system optimal position [Breuning, 2012] 
 
3.2.2 Geomoss 
The Geomoss is a system designed by the French company Gébois and is developed to 
implement a vegetation layer into the façade. The Extensive greenery (moss) grows in the 
ceramic foam which is implanted to the ceramic modules suspended on aluminium profiles. 
The profiles are fixed directly to the external wall.  
 
The ceramic foam (polymer foam impregnated 
with the ceramic mixture and burned in the 
furnace) can absorb moisture due to its cellular 
structure with a large inner surface and gradually 
water the moss. Irrigation is provided by a drip 
pipe system.  Annual consumption of the water 
is very low (400 l per year, depending on the 
façade orientation) due to the absorbency of the 
ceramic foam.  
[Happy materials, 2009] 
[Happy materials, 2009] 
Figure 26: Geomoss modules 
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[Happy materials, 2009]  [Happy materials, 2009] 
 
3.2.3 R&Sie Architects: Vegetation façade without any soil 
 
In Paris the architectural group R&Sie Architects designed a vegetation façade created with 
ferns using hydroponics to grow without any soil. The system is implemented with 300 
glass beakers "blowing" components for bacterial culture and collecting raining for 
watering plants with an individual mechanical drop by drop system with nutritional adding 
on proportioning controls. 
 
Light refraction in the glass beakers in front of the windows is increasing the light gain in 
the interior. [R&Sie, 2009] 
 
Figure 29: R&Sie Architects vegetation façade [R&Sie, 2009] 
Figure 28: Geomoss 
façade 
Figure 27: Geomoss composition 
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3.3 Adjusted architectural design 
 
3.3.1 Motivation for adjustments  
The localization and purpose of the House of Trees has a huge potential to be an excellent 
example of the connection between building and nature. The original concept fulfilled only 
a small part of its real potential. The wooden cage separated the surroundings of the house 
instead of communicating with it and the whole effect of the House of Trees was rather 
unfavourable than favourable as far as connection with nature was concerned. Around the 
building there were no trees and no place for outdoor activities designed despite the original 
goal of teaching young people about exterior environment.  
 
All the above mentioned reasons are the huge motivation for improving the first concept 
and designing a better and more fitting version of the House of Trees.  
 
3.3.2 Concept 
The new concept of the House of Trees reflects the need of communication with the nature. 
The shape and the idea of outdoor exposition with various greenery is almost the same as 
before but more attention is paid to the connection with the surrounding natural 
environment of the Dendrologic Garden. Three new trees growing though the wooden cage 
are designed. The biggest one, even through the North-East part of the building. The cage 
covering the exhibition is now more open to the surroundings and serves as the support for 
various vine plants. The whole idea of the wooden cage and external façade of the building 
is about showing the different kinds and systems of living walls and green facades including 
the explanation of the plants needs and the best treatment with them. The Technical room 
is accessible from the outdoor exposition and has a glazed door in order to enable visitors 
to see inside.  
 
The next part of the new concept is about designing of the Outdoor workshop which is 
approachable from the northern part of the building and outside exposition.  
 
The front glass façade is tilted and shaded with an overhang in order to prevent the interior 
from overheating during the summer yet not reflecting sun through winter.  
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3.3.3 Tilt and Overhang Optimization 
For optimization of the tilt of the southern glazed façade as well as the overhang above it, 
the simplified model of 6 variants was created in order to find out the best possible variant. 
The first variant is without any shading and serves only to see the difference. The second 
one is only with a 1,5 m wide overhang, the third model has a 1,5 m wide overhang and is 
tilted about 5°, the forth variant is tilted about 10° and has a 1,5 m wide overhang, the fifth 
simplified model has a 2 m wide overhang and is tilted about 10° and the last variant is 
tilted about 15° and has a 1,5 m wide overhang. The best variant means the most suitable 
compromise between appropriate architectural design and optimal shading. The simplified 
models were created in the Revit Architecture software. This software has a possibility to 
position the model to the exact place on the earth in order to simulate local conditions 
including the sun rays tracking on any day of the year. The position of the Sun can be 
monitored in minimally 15 min intervals from sunrise to sunset.  
The area of shaded and sunlit floor of the models was watched for determination of the 
optimal variant.  
 
The picture below shows the sun rays monitoring on 9. July at 12:00. The image serves 
only as an example of how the software works. For the optimization the whole days of 
different months were monitored.  
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Figure 30: Sun and shadow simulation 
 
The forth variant with a 1,5 m overhang and 10° tilt is considered as the best one reflecting 
the architectural impression as well as the amount of shading.  
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3.3.4 Site Plan 
 
Figure 31: New site plan
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3.3.5 Floor plan 
 
Figure 32: New floor plan
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Figure 33: Diagram of room connections 
 
Object information:  
Built up area – 624 m2 
Floor area – 570 m2 
Building volume – 3120 m3  
 
The new floor plan is completely different from the original one. The size of the entrance 
hall is now smaller – 29m2 instead of the original 45m2. The Vestibule and the Flat of the 
house technician is considered unnecessary and is not part of the new design.  The reception 
and the snack bar is now separated from the exposition hall and together with the computer 
room have source of natural light on the South and direct access to the outdoor relaxation 
space on grass. The lecture room (now 10m2 bigger) and the Exposition room (now 60m2 
smaller) are both approachable from the reception through shared corridor. The indoor 
workshop (25m2 bigger than the original one) is designed on the North side of the building 
in order to be in the contact with the Outdoor workshop. 
 
There are four possible entrances to the building. One main entrance is in the centre of the 
southern façade. The second and the third entries are situated in the exposition hall and 
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snack bar. The fourth entrance is designed in the indoor workshop. The maintenance access 
to the roof is designed on the north side of the building next to the tree growing through the 
object. This place is specific with no construction of the outdoor cage and creates a safe 
place for a ladder placement.  
 
The outdoor exhibition is now more open to the surrounding natural environment. On the 
North side of the exterior wall there is Geomoss façade system designed. One part of the 
wooden cage is used for variable modules which can be used as green houses for seasonal 
usage. The green houses are not part of the indoor environment of the building but has 
temperature measures which control the ventilation through openable windows. The PPM 
indicator is part of the modules and has educational form for visitors to see and feel the 
difference between the environment with and without greenery. Another part of the outside 
exposition is sample of R&Sie hydrophobic system of nourishment of ferns without any 
soil.  
 
3.3.6 Room Program  
Entrance hall 
Separated from outdoor space by vestibule and designed for approximately 50 visitors 
during the rush hour. The Entrance hall works as a gathering space and needs to be 
ventilated properly. Temperatures should not be lower than 20°C in winter or higher than 
26°C in summer. There is no special lighting condition needed.  
 
Exposition hall 
The biggest room in the building is designed to provide enough space for various exhibits 
as cut-outs from trees, unique examples of tree roots, miscellaneous xylocarp etc. This 
room is also considered as a gathering space with an indoor temperature around 20°C, and 
proper ventilation in order to supply the space with enough fresh air. This room has two 
exits in case of fire and for the connection with the outdoor exhibition. The Design of the 
Exposition hall is able to offer quality and steady light conditions. Considered number of 
people in exposition hall is about 60.  
 
Reception, Snack Bar and Computer room 
Reception is a place where the tour around the building begins. Guests can buy the tickets 
or small souvenirs including scientific books here. The Snack bar is designed to offer 
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visitors something small to eat or drink and there is an internet access in the Computer 
room. These three rooms are connected and designed to be comfortable for both employees 
and visitors of House of Trees, providing an indoor environment with a minimal 
temperature of 20°C in the winter and a maximal temperature of 26°C in the summer. The 
whole area is designed for approximately 40 people and must be properly ventilated 
including the occasional ventilation in Snack bar.  
 
Lecture Hall 
In the Lecture room various educational courses will take place as the start of the exhibition. 
The area is designed for approximately 30 people and has two exits for the case of fire. The 
temperature should not drop below 20°C during the winter and not exceed 26°C through 
the summer. The whole area is supposed to be ventilated properly. Natural light is not 
required in this room.  
 
Indoor Workshop 
The Indoor workshop is a space for approximately 30 people. The area is designed for 
visitors to make handmade products from natural resources as part of the educational 
entertainment program. The room has to be ventilated, naturally lighted and temperatures 
should not drop below 20°C in the winter or exceed 26°C in the summer. There are two 
exits from the Indoor workshop in order to provide fire escape and also to connect the room 
with the Outdoor workshop situated on the North of the site.  
 
Outdoor Workshop 
Accessible from outdoor exhibition and the Indoor workshop, the Outdoor workshop is 
designed for making various products mainly from wood but also from other natural 
resources. The area is designed for about 30 people. 
 
Storage 
The Storage is considered to be a place for the Indoor workshop to store the resources 
needed for work with visitors. Additionally, the technical background of the Lecture hall is 
situated here. The temperature in the area should be minimally around 20°C in the winter 
and maximally about 26°C in the summer. No mechanical ventilation is necessary in the 
Storage. 
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WC 
Minimal temperature in the area should not be lesser than 24°C during the winter or higher 
than 26°C thought the summer. The WC rooms are designed as both regularly and 
occasionally ventilated.  
 
Office 
The Office is place for the House of Trees manager and should be properly ventilated and 
naturally lighted through the skylight. Temperature in this room should not be lower than 
20°C in winter or higher than 26°C in summer. 
 
3.3.7 Cross Section 
 
Figure 34: New cross section A-A´ 
 
3.3.8 Elevations 
 
Figure 35: Front side elevation 
 
Figure 36: Back side elevation 
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Figure 37: Left side elevation 
 
Figure 38: Right side elevation 
 
3.3.9  Structural System 
The original structural system was designed from a reinforced concrete system with internal 
columns of uncalculated spans which would limit possible future changes of the floor plan. 
But the main reason for reconsidering the whole structural system is about material. The 
House of trees should be designed primary from wood as the name of the building itself 
implies. The new construction should also facilitate future changes of the floor plan as well 
as creation of big exposition areas without any limiting constructions inside.  
 
 
Figure 39: New structural system 
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The whole new structural system is designed from wood. The roof structure creates radial 
shaped construction of 14 m long trapezoidal glue-laminated wood beams inclined to the 
edges of the building by 1,5°. The beams are connected to the round glue-laminated wood 
girder on the thinner side and to the glue-laminated wood columns on the other side. The 
central girder is supported with 5 glue-laminated wood columns. The maximal span 
between two beams is 4,34 m. The secondary roof components are beams fixed in between 
the primary beams creating the area for OSB boards and roof composition above.  
 
The hole on the North-East side of the object is created from round glue-laminated girder 
as well.  
 
The exterior wall is made of wooden frames with diagonal wooden stiffeners and OSB 
boards. The wooden frames are reinforced in the place of doors and windows. 
 
The tilt of the front façade is designed from couple of wooden columns. One column is 
vertical and the other is tilted by 10°. 
 
The wooden cage construction is considered to be from curved glued solid timber beam 
attached to the building attic on one side and to the precast concrete footings on the other 
side [see Figure 47]. The maximal span between every two beams is 2 m at the object side 
and 2,8 m on the other side. The horizontal components of the cage are designed from larch 
timber laths.  
 
Foundations of the house are created from reinforced concrete footings under every column 
and strip foundation under the front façade and central columns. Under the external wall 
and main entrance door, the concrete thresholds are designed.
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3.3.10 Energy, ventilation and rain water management 
The rain water management of the new design is considering the roof structure as water 
accumulator which can absorb and keep almost 95 l of rain water per m2. Remaining water 
is drained in the direction of the roof inclination, through the attic and then to the perforated 
drain pipes under the outdoor exposition in order to supply the plants with water as well as 
to infiltrate it to the surrounding ground.  
 
 
 
Figure 40: Rain water treatment schema 
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The wastewater (sewage) management is designed as root zone system situated in front of 
the object covering approximately 71 m2 [for calculation see Annex 1] 
 
Figure 41: Root zone system schema [Rhizotechniki 2012] 
 
Root zone system is natural method of wastewater and sludge treatment, based on self-
regulative processes of active soil systems.  
 
Wastewater or sludge streams through a soil matrix planted with specific and modified 
strains of reeds (Phragmites australis) which are contained in a waterproof polymeric 
membrane.  
 
The active co-operation between soil, roots and micro-organisms guarantees very effective 
biochemical reactions. This makes it possible even for highly toxic elements to be 
decomposed by the Root Zone method. 
 
Professor Kickuth developed and firstly applied the Root zone system in Germany in 1974.  
[Rhizotechniki 2012]
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3.3.11 Visualizations 
 
Figure 42: New visualization 1
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Figure 43: New visualization 2  
 
Figure 44: New visualization 3 
 
Figure 45: New visualization 4
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4 Construction 
4.1.1 Construction details 
 
Figure 46: 3D schema of the external wall (cellulose fibre insulation variant) and roof 
composition
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Figure 47: External wall section drawing
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Figure 48: Southern glazed façade section drawing
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Figure 50: Attic spout detail 
 
Figure 51: Front glazed façade connection with ground 
Figure 49: Skylight in the Office detail 
39 
 
 
 
4.1.2 Statics 
4.1.2.1 OSB 
For dimensioning the horizontal construction, the step by step procedure from the first layer 
to the main load bearing beam is necessary. The first support layer is OSB board. The 
calculation examines the Ultimate limit state and the Serviceability Limit State of the OSB 
boards  
[see Annex 3]. 
[For the composition of the roof see chapter 5.1.1.1; for load calculation see   
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Annex 2] 
 
As the calculation shows, the OSB/2 boards 30 mm thick are designed. OSB/2 are load-
bearing boards for use in dry conditions. 
 
4.1.2.2 Secondary beam 
 
Figure 52: Secondary beam 
 
The lengths of the secondary beams differ according to the distance from the edge of the 
house. The calculation is necessary for every beam [see Annex 5], but for the step by step 
calculation the longest and also the most loaded beam is calculated [see Annex 4]. The 
material of the beams is glue-laminated timber.  
 
The beams are designed from glue-laminated timber GL24h. As the calculation shows, 
every beam is 100 mm wide and 200 mm high even though the dimensions could be 
different because of the loads are smaller according to the distance from the edge of the 
building. The heights of the beams are always the same because of the insulation in between 
them which should not change. Regarding the width of the beams, there are fire safety 
measures [see 4.1.3] and different dimensions would complicate them. 
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4.1.2.3 Primary beam 
 
Figure 53: Primary beam 
 
For the calculation of the primary beam the force of each rafter reacting to the beam is 
considered on each side. The Scia engineer software is used for calculation with 21 forces 
from rafters and continuous load from weight of the trapezoidal beam. The inclination 1,5° 
is reflected as well [see   
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Annex 6].  
 
The beam is designed from glue-laminated timber GL28h and is 14 m long, 200 mm wide, 
1200 mm high on more loaded side and 840 mm on the other side. The angel creating the 
trapezoidal shape is 1,5°.  
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4.1.2.4 Girder 
 
Figure 54: Girder 
 
In order to proceed with calculation, the round shape of the central girder is simplified to 
the simple line. The main load is created with the primary beams on one side, secondary 
beams on the other side and weight of the girder itself. All necessary forces were calculated 
in the Edubeam software [see Annex 7]. 
  
The girder is designed from glue-laminated timber GL28h and is 200 mm wide, 900 mm 
high and its axial radius is 4,3 m. The total length of the simplified model is 14,1 m.  
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4.1.2.5 Column 1 
 
Figure 55: Column 1 
 
For the calculation of the first column on the farther side of the building the force calculated 
in Scia Engineer software and predicted weight of the column itself is used [see Annex 8].  
 
The column is designed from glue-laminated timber GL24h and is 3 m high, 200 mm thick 
and 400 mm wide. Regarding the loads, the dimensions are more than satisfactory but the 
volume of the wood matters due to the fire safety. [see 4.1.3]. 
 
4.1.2.6 Column 2 
 
Figure 56: Column 2 
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For the calculation of the second column the biggest force produced from the girder 
calculated in Edubeam software is used [see Annex 9]. 
 
 The designed material and the reason of its oversized dimensions are the same as in the 
previous column description. 
 
4.1.2.7 Weight of the Cage Calculation 
The cage was calculated only for the image of the final weight reacting to the components 
of the external wall. The loads from the weight of the polycarbonate roof, snow, timber 
laths and the main beam were considered. For the calculation, the Edubeam software was 
used. [see Annex 10] 
 
The main beam is designed from glue-laminated timber GL24h and is 150 mm high, 100 
mm wide and its radius is 5,5 m. The horizontal laths are considered to be from glue-
laminated timber GL24h as well and each of them is 40 mm high and 100 mm wide. The 
radius of laths differs according to the distance from the building.  
 
The final force reacting to the wall´s components is 2,92 kN which is approximately 298 
kg. This weight is considered as safe in terms of external wall stability.  
 
4.1.3 Fire safety 
The house of Trees is a small multifunctional ground floor building with 570 m2 of floor 
area. The whole load bearing construction is designed from wood which is considered as 
flammable material. The interior surfaces of the house are designed also from wood due to 
the educational and architectural reasons.  
 
4.1.3.1 Fire Compartments 
The House of Trees is 38 m long and 20 m wide. According to the tab. 11 ČSN-73-0802 
[ČSN-73-0802 2015], these dimensions are under the limit for the worst coefficient “a”. 
Therefore, there is no need to divide the object into more than one fire compartments.  
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4.1.3.2 Fire Resistance Grade 
For determining the fire resistance grade (FRG), the fire load of the building must be 
specified. Based on the object functions and without any further calculations, the building´s 
fire load is considered in range from 40 to 60 kg/m2.  
 
According to the tab. 8 ČSN-73-0802, the FRG can be determined. The information as fire 
height of the building (0 m for ground floor buildings), fire properties of the structural 
system (timber construction is flammable) and the building´s fire load (40-60 kg/m2) have 
to be known. The FRG of the object would be at worst classified in the II. FRG.  
 
4.1.3.3 Fire Resistance of the Load Bearing Constructions 
The next part of the fire safety calculation is dedicated to the fire resistance of the load 
bearing components of the object.  
 
According to the standard [ČSN EN 1995-1-2 (731701), 2006] the fire resistance of basic 
timber components can be determined from their dimensions. 
 
Table 2: Beams fire resistance [ČSN EN 1995-1-  2006] 
 
The dimensions of secondary beams are 200 x 100 mm and therefore would resist the fire 
for 30 minutes. But this table shows fire resistance of beams unprotected from three sides. 
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Designed beams in the House of Tress project are protected with the spruce board-on-board 
cladding and their fire resistance could be even better. 
 
 
Table 3: Columns fire resistance [ČSN EN 1995-1-2  2006] 
 
The maximal column dimensions in the table are 200 x 300 mm. With these dimensions, 
the columns can resist the fire for 30 minutes. Designed columns in project are 200 mm 
wide and 400 mm deep. The considered fire resistance could be even better.  
 
After the comparison with the tab. 12 ČSN-73-0802, it is possible to claim, that the main 
load bearing constructions are fire resistant enough for the II. FRG.  
 
4.1.3.4 Fire resistance of the building´s elements 
For the building´s elements, there is no fire resistance calculated. Therefore, the building´s 
envelope is considered as fire open construction and the separation distances have to be 
determined from these constructions.  
 
4.1.3.5 Evacuation time 
From every part of the fire compartment except from the WC and the Storage, there is a 
possibility of two escape routes. The picture of the House of Trees fire safety is solved by 
simplifying the task to the easy calculation of evacuation time from the Lecture room which 
is situated approximately in the centre of the object and it makes it the space, furthermost 
from the emergency exit.  
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The following formula is used for the calculation of the evacuation time: 
 
[ČSN-73-0802, 2015] 
 
Where:  
tu = evacuation time [min] 
lu = length of the escape route [m] 
vu = speed of the escaping people [m/min] 
E = number of evacuated persons 
s = evacuation condition factor 
Ku = unit capacity of the escape lane [persons/min] 
u = countable number of escape lanes 
 
As already told, the longest possible escape route is measured from the Lecture Room and 
is 32 m long. The number of evacuated people was calculated according to the standard 
[ČSN-73-0818, 1997] 
 
Table 4: Building occupancy according to the fire safety standard [information taken from, 
ČSN-73-0818, 1997] 
 
𝑡𝑢 =  
0,75 .  𝑙𝑢
𝑣𝑢
+  
𝐸 .  𝑠
𝐾𝑢 .  𝑢
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Figure 57: Schema of the escape route 
 
The number of evacuated people is measured as the sum of the persons in the lecture room 
and exposition hall. According to the Table of occupancy is the final number equalled 147. 
 
The object is designed as barrier free and therefore is the evacuation condition factor (s) 
considered as 1,5 (escaping people with limited movement ability). According to the 
standard is the Speed of escaping people (vu) equalled as 30 m/min on the plane. The Unit 
capacity of the escape lane (Ku) is equalled 40 persons/min [ČSN-73-0802, 2015]. Every 
door in the escape route are at least 0,8 m wide. Therefore, the countable number of escape 
lanes (u) is considered as 1,5.  
 
 
 
𝑡𝑢 =  
0,75 .  32
30
+  
147 .  1,5
40 .  1,5
= 4,475 𝑚𝑖𝑛  
50 
 
The final number serves only for rough idea and would be even lower than 4,475 minutes 
for that the calculation was simplified. The number of escaping people is 147 at the 
beginning of the rout in the Lecture room where would be only 78 persons.  
 
4.1.3.6 Smoke Amount Calculation  
For the calculation of the smoke amount, there is empirical formula used.  
 
𝑡𝑒 = 1,25ℎ𝑠
0,5/𝑎 [ČSN-73-0802, 2015] 
 
te = time limit after which is the fire compartment filled with smoke up to the level of 2,5 
m above floor [min] 
hs = headroom of the fire compartment [m] 
a = 1,3  
 
𝑡𝑒 = 1,25. 4
0,5/1,3 = 1,923 min 
 
The te is lower than the evacuation time. But the coefficient “a” was used without any 
calculation. If the calculation was made, the final coefficient “a” could be reduced and 
therefore, the te value could be increased. But without the detailed calculation it can be said, 
that the additional fire and smoke protection measures would be necessary.  
 
4.1.3.7 Separation Distances 
According to the tab. F.1 ČSN-73-0802, the separation distances from radiation areas of 
the building elements can be determined. The height of the building (5,5 m), the percentage 
area of the fire open elements (100%), the building´s fire load (50 kg/m2) and the length of 
the building element (9 m is the shortest option and is used for this calculation) have to be 
known. The final separation distance is 13,3 m to every direction from the object.  
 
The separation distance due to the falling parts would be much lower than the separation 
distance from the radiation areas of the building´s elements and therefore is not calculated.  
 
Separation distances from the radiation areas of the roof and from the falling parts of the 
roof do not have to be calculated since the object is in the II. FRG and has flat roof.  
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4.1.3.8 Fire-Fighters Arrival 
The possibility of the fire-fighters intervention is not limited by any barriers in the way of 
arrival.  
 
5 Passive House Classic Variant 
 
5.1 Material optimization 
The material optimization consists of the comparison of environmental influence and 
thermal properties. 
 
For the necessary information about the environmental influence of the materials, the 
internet database Envimat.cz was used. There are two groups of evaluated parameters as 
the content of this website. The first one is about environmental influence during the life 
cycle assessments of materials: 
 Primary energy input (PEI) [MJ] 
 Global warming potential (GWP) [kg CO2,ekv.] 
 Acidification potential (AP) [g SO2,ekv.] 
 Photochemical Ozone Creation Potential (POCP) [g C2H4,ekv.] 
 Ozone Depletion Potential (ODP) [g CFC2,ekv.] 
 Eutrophication Potential EP [g PO4 3- ekv.] 
 
The second group deals with technical properties of materials:  
 Thermal conductivity coefficient (ʎ) [W/(m.K)] 
 Heat transfer coefficient (U) [W/(m2.K)], (for the whole constructions) 
 Weight (m) [Kg] 
 
Envimat uses the International Database of materials Ecoinvent for the environmental 
profiles calculation. [Envimat, 2016] 
 
The Microsoft Excel software was used for the actual calculation of the environmental 
influence of the object components. All considered compositions should have 
approximately equal thermal proprieties. The weight per m2 of every material of the 
examined composition was calculated and multiplied by every above mentioned numbers 
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from the environmental influence group. The result is demonstrated in form of two 
diagrams where one of the compositions is always the reference in order to see differences. 
The first diagram shows the environmental profiles of considered compositions while the 
second one is about environmental impact of the compositions according to the specific 
weight of the examined number. The PEI, for example, has weight of 40% while EP has 
weight of only 5%.    
 
5.1.1 Roof 
5.1.1.1 Composition 
 
Figure 58: Composition of the roof (wood-fibre insulation variant) 
 
5.1.1.2 Possible Insulation Materials 
For the material optimization of the roof there are three examined insulation materials. The 
first one is wood-fibre insulation, the second one is mineral wool insulation and the last 
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one is expanded polystyrene (EPS). The EPS is part of the calculation only for comparison 
with the other two natural materials.  
 
Basic material properties:  
a) Wood-fibre insulation:  ʎ = 0,038 W/(m.K) 
 ρ = 50 kg/m3 
 c = 2100 J/(kg.K) 
 μ = 0,5  
 
b) Mineral wool insulation:  ʎ = 0,036 W/(m.K) 
 ρ = 32 kg/m3 
 c = 800 J/(kg.K) 
 μ = 1  
 
c) Expanded polystyrene:  ʎ = 0,035 W/(m.K) 
 ρ = 30 kg/m3 
 c = 1270 J/(kg.K) 
 μ = 30-80 
[Envimat, 2016; Dataholz, 2016; Isover, 2016] 
 
The wood fibre insulation in Envimat database weights 300 kg/m3 and its thermal 
conductivity is 0,038 W/(m.K), which is very low number if the weight is considered. The 
weight of the wood fibre insulation has been reduced to 50 kg/m3, which is the usual mass 
of the wood fibre insulation with thermal conductivity around 0,04 W/(m.K). 
[For the environmental influence calculation of the roof, see Annex 11] 
 
5.1.1.3 Result 
The lowest environmental impact has the wood fibre insulation and therefore is designed 
as the best possibility. The wooden character of this kind of insulation is convenient as 
well.  
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5.1.2 Exterior wall 
5.1.2.1 Composition 
 
Figure 59: Composition of the exterior wall (cellulose fibre insulation variant) 
 
Figure 60: Composition of the exterior wall (wood-fibre insulation variant) 
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Figure 61: Composition of the south exterior wall (cellulose fibre insulation variant) 
 
Figure 62: Composition of the south exterior wall (wood-fibre insulation variant) 
56 
 
5.1.2.2 Possible Insulating Materials 
There are three considered insulation materials for the exterior wall. The first one is 
cellulose fibre insulation, the second one is wood-fibre insulation and the last one is mineral 
wool insulation.  
 
Basic material properties:  
a) Cellulose fibre insulation:  ʎ = 0,04 W/(m.K) 
 ρ = 50 kg/m3 
 c = 2110 J/(kg.K) 
 μ = 1 
 
b) Wood-fibre insulation:  ʎ = 0,038 W/(m.K) 
 ρ = 50 kg/m3 
 c = 2100 J/(kg.K) 
 μ = 0,5 
 
c) Mineral wool insulation:  ʎ = 0,036 W/(m.K) 
 ρ = 32 kg/m3 
 c = 800 J/(kg.K) 
 μ = 1 
[Envimat, 2016; Dataholz, 2016; Isover, 2016] 
[For the environmental influence calculation of the exterior wall, see Annex 12] 
 
5.1.2.3 Result 
As the environmental impact calculation shows, the best choice for insulating the exterior 
walls of the House of Trees is wood fibre insulation.  
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5.1.3 Partitions 
5.1.3.1 Composition 
 
Figure 63: Composition of the internal wall (cellulose fibre insulation variant) 
 
 
Figure 64: Fire resistant composition of the internal wall (cellulose fibre insulation variant) 
 
5.1.3.2 Possible materials 
Three possible insulating materials are considered. The first one is cellulose fibre 
insulation, the second one is mineral wool insulation and the last one is glass wool 
insulation.  
 
Basic material properties:  
a) Cellulose fibre insulation:  ʎ = 0,04 W/(m.K) 
 ρ = 50 kg/m3 
 c = 2110 J/(kg.K) 
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 μ = 1 
 
b) Mineral wool insulation:  ʎ = 0,036 W/(m.K) 
 ρ = 32 kg/m3 
 c = 800 J/(kg.K) 
 μ = 1 
 
c) Glass wool insulation:  ʎ = 0,04 W/(m.K) 
 ρ = 40 kg/m3 
 c = 840 J/(kg.K) 
 μ = 1 
[Envimat, 2016; Dataholz, 2016; Isover, 2016] 
 [For the environmental influence calculation of the interior partitions see Annex 13] 
 
5.1.3.3 Result 
The best possibility for insulating the interior partitions is cellulose fibre insulation.  
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5.1.4 Floor above ground 
5.1.4.1 Composition 
 
Figure 65: Composition of floor above ground 
 
5.1.4.2 Possible insulating materials 
There are three possible insulation materials for the floor above ground. The first one is 
foam glass gravel, the second one is expanded clay aggregate (Keramzit) and the third one 
is Extruded polystyrene (XPS).  
 
Basic material properties:  
a) Foam glass gravel:  ʎ = 0,077 W/(m.K) 
 ρ = 110 kg/m3 
 c = 850 J/(kg.K) 
 μ = / 
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b) Expanded clay aggregate:  ʎ = 0,076 W/(m.K) 
 ρ = 260 kg/m3 
 c = 1260 J/(kg.K) 
 μ = / 
 
c) Extruded polystyrene:  ʎ = 0,034 W/(m.K) 
 ρ = 25 kg/m3 
 c = 2060 J/(kg.K) 
 μ = 20-100 
[Envimat, 2016; Tzb-info, 2016; Refaglass, 2016] 
[For the environmental influence calculation of the floor above ground, see Annex 14] 
 
5.1.4.3 Result 
According to the calculation is the XPS insulation the best choice for insulating the floor 
above ground. The reason for this results lies in its very low weight and its great insulating 
properties, which allows to use much less of it. Although the numbers highlight the XPS 
insulation, the House of Trees is supposed to be designed mostly from natural materials 
and therefore is the best possibility the second insulation material in order – expanded clay 
aggregate.  
 
6 Passive House Classic 
6.1 Energy concept optimization 
6.1.1 Heating  
6.1.1.1 Heat Distribution 
There are many possibilities for the heat distribution in House of Trees. In the process of 
designing, the floor heating, supply air heating and classic radiator heating were considered 
as heat distribution system.  
 
The floor heating usually requires an insulation layer under the heating pipes, or extra 
concrete slab for heat accumulation. The insulation should be water resistant in case of 
accident. The composition of floor above ground is designed with insulation layer under 
the concreate construction. In order to avoid thicker composition due to the usage of extra 
insulation layer or concrete, the floor heating is decided as not fitting to the House of Trees 
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design. But the floor accumulates a lot of the solar heat gains so it can be partly considered 
as floor heating.  
 
The classic radiator heating would be without any problem. This system represents reliable 
distribution of heat to the target area. But nonetheless is the supply air heating considered 
as the beast way for heating the object. The mechanical ventilation would be designed 
anyway in the object because of the sufficient air supply demand and heat recovery which 
is necessary for passive houses. The connection of supply air and space heating distribution 
is considered as favourable. The other reason for this type of heating is the construction 
and inner surfaces of the building. The whole object is designed from timber and majority 
of indoor surfaces is designed from wood as well. This design represents warm materials 
without any unfavourable cold radiation. 
 
6.1.1.2 Heat Source 
As far as the energy source is concerned the heat pump with ground collectors and biomass 
boiler was considered.  
 
The heat pump with ground collectors would be a fitting source of the energy for House of 
Trees. There is a lot of free area usable for ground collectors around the object. The heat of 
the ground represents renewable source of energy and there would be no chimney needed 
if this variant was used. But there would be an electricity required to run the pump and an 
electric backup heater inside the water storage for the case of insufficient heat production 
from ground collectors.  
 
The biomass boiler represents the second option for energy source. The locality of House 
of Trees is convenient for this type of boiler. The waste wood from Dendrologic garden 
and Průhonice Park could be chopped, dried and used as renewable fuel for the boiler. The 
preparation of woodchips would be either in the area of the Garden or the Park. This way 
would mean stable source of energy without any backup heaters. But the system is much 
bigger not only because of the larger size of the boiler but even because of the storage for 
woodchips. Another disadvantage of biomass boiler is the need of the chimney.  
 
The decision which energy source would be the best one will be made after the calculations. 
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6.1.2 Electricity 
The House of Trees is designed as connected to the electricity grid. The amount of solar 
energy production and battery usage with smart grid system utilization differs according to 
the energy standard of the building.  
 
6.1.2.1 Electricity Demand 
The equipment and artificial lightning of the House of Trees is designed as the most energy 
efficient products with low power rating appropriate for passive houses. For example, the 
computers in the Office and the Computer room are considered as Intel NUC [Intel 2016]. 
These computers are very small (115 x 111 x 48 mm) and their technical specifications are 
more than sufficient for purposes of the building. Their power rating is approximately 10 
W for standard work. The lighting is designed from energy-saving LED lights. [For more 
detailed electricity demand calculation see Annex 37] 
 
Figure 66: Intel NUC [Intel 2016] 
 
6.1.2.2 Solar System 
The solar energy production is necessary in order to achieve better energy standard than 
Passive House Classic. Although there is a lot of free area possible for photovoltaic 
installation around the building, the architectural design is about to keep photovoltaics as 
hidden as possible from the eyes of visitors. By following this rule, the only place thinkable 
for solar panels is on the roof of the building.  
 
The Sun Root System is used for placing the solar panels on the roof. The usage of the roof 
and inclination of the panels differs according to the specific energy standard of the 
building.  
 
A very efficient Monocrystalline solar panels from the LG company [LG 2016] with 320 
Wp are designed for the purposes of electricity production. Every panel is 1640 mm long, 
1000 mm wide and 40 thick.  
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Figure 67: Solar panel LG NeONTM 2 properties [LG 2016] 
 
6.1.2.3 Battery 
With solar electricity production, the usage of battery is appropriate. However, the proper 
design of battery capacity is difficult with no hour weather data. The PHPP energy software 
used for energy calculations works only with monthly and annual data so it is impossible 
to monitor the recharging and discharging of the battery and design the right capacity based 
on this monitoring.  
 
Nevertheless, the Powerwall battery from the Tesla Motors company [Tesla 2016] would 
be appropriate for electricity storage. It comes in two capacity variants, 6,4 kWh and 13,5 
kWh. The battery system works with weather prediction and can partly regulate energy 
consumption and demand according to the upcoming sunny or cloudy days. The Powerwall 
can be hung on the wall, is very space saving due to its dimensions and has integrated 
inverter. According to the battery capacity, number of batteries and electricity production, 
the House of Trees could be designed either as totally or at least partly energy independent 
in terms of electricity.  
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Figure 68:Tesla Powerwall, 13,5 kWh capacity variant [Tesla 2016] 
 
6.1.3 Domestic Hot Water Preparation 
There is very low demand of domestic hot water (DHW) for the purposes of the House of 
Trees. Every visitor is supposed to use hot water only for hands washing once per visit. 
There are no showers designed in the object and only higher hot water consumption may 
occur in the Snack bar area.  
 
There are two DHW preparation possibilities found as appropriate for the House of Trees 
demand. The first one is classic preparation in the water storage in the Technical room. 
This variant requires longer pipes with circulation circuit and the temperature in pipes and 
storage has to reach temperature approximately 70°C once per week in order to avoid 
Legionella bacteria, but allows steady source of DHW during the whole day. The second 
possibility is direct water heater near every group of wash-basins. This option does not 
require neither long pipes nor circulation circuit but has higher energy demand in order to 
cover DHW consumption.  
 
6.1.4 Ventilation 
In order to achieve passive house energy standard, the heat recovery and proper ventilation 
is necessary. The ventilation system in House of Trees serves for heating during cold days 
and through night ventilation mediate cooling during hot days.  
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The main supply and exhaust air ventilation pipes lead through the WC room and then in 
between the primary load bearing beams to the centre of the object, where the headroom of 
the building is almost the highest and ventilation pipes do not create visual distraction. The 
secondary pipes lead from the centre of the house in between the primary beams in the 
direction to the exterior wall. The occasional exhaust air from the Snack bar is ventilated 
through the kitchen hood above the cooker. [see Figure 69 - Figure 72] 
 
There is one ventilation unit with maximal volume flow 4000 m3/h designed in the 
Technical room. The supply air is taken from the Outdoor exposition area and the exhaust 
air is blown to the roof area.  
 
There are two distribution variants considered optimal for the House of Trees ventilation. 
The first one represent ventilation distribution designed from aluminium pipes of various 
diameters insulated with 25mm thick mineral wool insulation. The air diffusers and outlets 
can be designed from rectangular shaped grilles or from perforated pipes. The second 
possibility represent textile air distribution. The supply air diffusion is possible through 
fabric perforation which creates slow air flow.  
 
The textile ducts distribution is considered as the better variant for the House of Trees 
design. 
 
 
Figure 69: Ventilation 3D schema 1 – direction of supply and exhaust air flow 
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Figure 70: Ventilation 3D schema 2 
 
Figure 71: Ventilation 3D schema 3 
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Figure 72: Ventilation 3D schema 4 
 
6.1.5 Shading 
There are no other shading systems required than front façade tilt, 1,5 m wide overhang 
and wooden cage around object. The cage and vine plants growing on it make sufficient 
shading which changes according to the part of the year because of the plants leafs.  These 
measures together with nigh ventilation create optimal indoor environment during the 
whole year.  
 
6.1.6 Technical Room Design 
In this chapter, three designs of technical equipment placement in the technical room take 
place.  
 
The technical equipment consists of:  
Ventilation unit ComfoAir with maximum volume flow 4000 m3/h. The unit is 2450 mm 
long, 1750 mm wide and 1400 mm high. [Zehnder 2016] 
 
Battery [see chapter 6.1.2.3] 
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Heat pump IVT GEO 312 C with ground collectors and integrated 190 l water storage. The 
HP is 660 mm long, 600 mm, wide and 1800 mm high. Its nominal power is 3-12 kW [IVT 
2017] 
 
Biomass boiler MODERATOR UNICA Sensor with maximum nominal power 10 kW. The 
boiler is 1145 mm long, 495 mm wide and 835 mm high. The minimal diameter of the 
chimney for this boiler is 180 mm. [Kvalitnikotle 2017] 
 
DHW water storage THERMONA THERM 100/S with 100 l volume. The storage is 535 
mm long, 500 mm wide and 840 mm high. [GAS-TM 2017] 
 
Expansion tank Aquamat REFIX DE 12/10 with 12 l volume, 280 mm diameter and 310 
mm height. [GAS-TM 2017] 
 
The wood chips storage has approximately 2 m2 area.  
 
 
Figure 74: Technical room with biomass boiler Figure 73: Technical room with heat pump 
only for heating 
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Figure 75: Technical room with heat pump  
for both heating and DHW preparation 
 
6.2 Energy Calculations  
6.2.1 Passive House Planning Package energy model    [PHPP 2013] 
6.2.1.1 Model Description 
The PHPP is created in Microsoft Excel environment. There are three major parts 
containing Heating, Cooling and Primary energy calculation. In total, there are 35 different 
calculation worksheets. Some of them are not needed for the calculation purposes of the 
House of Trees.  
 
There are three variants of the space heating and DHW preparation calculated. The first 
variant represents both space heating and DHW preparation with biomass boiler using the 
wood chips as an energy source. In the second variant, the space heating is covered by heat 
pump with ground collectors while the DHW is heated with electricity. And the third 
variant consider heat pump with ground collectors for both space heating and DHW 
preparation. 
 
6.2.1.1.1 Verification Worksheet: Building Data Documentation and Passive House 
Standard or EnerPHit Verification 
The project data, like the building designation, location, designer, enclosed volume, and 
the expected number of occupants, are determined in the first part of this worksheet. In the 
second part, there are final results from the PHPP calculation which are described in the 
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following chapters. Another values entered in this worksheet are “Interior temperature in 
winter” and “Interior temperature in summer”, together with type of the object and internal 
heat gains specifications.  
 
The building is considered as non-residential with internal heat gains using the School 
utilisation pattern with standard values contained in the PHPP. These values consider 
internal heat gains equal 2,8 W/m2. 
 
The Verification worksheet for each variant can be seen in Annex 15 - Annex 17. 
 
6.2.1.1.2 Climate Worksheet 
This worksheet contains climate data for many specific locations. For the purposes of the 
House of Trees calculation the data for Prague are used. Nevertheless, the climate data for 
the heating load and the cooling load are available only for Germany: PHPP Standard 
climate selection. There is only a little difference between Germany and Czech Republic 
climate data and therefore the data for the heating and cooling load are adopted from the 
Germany: PHPP Standard selection. 
  
The only number which has to be determined manually in this sheet is building location 
altitude. The House of Trees is in the 292 m altitude.  
The Climate worksheet can be seen in Annex 18. 
 
6.2.1.1.3 U-Values Worksheet: Calculation of Building Element U-Values 
As the name suggests, this worksheet serves for the calculation of the overall heat transfer 
coefficients of the building elements. The U-value calculations in the PHPP comply with 
ISO 6946. The thickness and heat transfer coefficient of every material in specific element 
has to be determined. Non homogenous layers such as insulation in timber frame 
construction can be calculated by percentage determination of material representation in 
the specific layer.  
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Figure 76: U-values of building elements 
 
The U-Values worksheet can be seen in Annex 19. 
 
6.2.1.1.4 Areas Worksheet: Data Entries of Opaque Building Elements and Thermal 
Bridges 
In this worksheet the data entries for the whole thermal envelop of the building take place.  
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The PHPP has no possibility to determine rounded shapes. The object exterior wall was 
divided into 28 segments in order to follow the House of Trees shape [see Figure 77]. Every 
segment has its own orientation and inclination as well as the most exterior layer area, 
specific element properties, reduction factor shading, exterior absorptivity and exterior 
emissivity. The tilt of the south glazed façade is determined in this worksheet as well.   
 
The reduction factor shading was determined according to the location of the wooden cage 
in front of the exterior wall, overhang and trees.  
 
Exterior absorptivity factor ranges from 0 (surface with reflective coating/mirror) to 1 
(absolutely black surface). Value 0,6 was determined for the exterior wall and 0,8 for the 
roof. 
 
The emission coefficient influences heat radiation of the surface to the environment and to 
the cold sky. For the most commonly used materials is the emissivity number 0,9. 
 
The treated floor area is another value determined in this sheet. It is very important number 
which basically means the useful area. The calculation is based on the different usage of 
specific room. The real area of the entrance hall and the Technical room is lowered by 40% 
and together with other rooms creates almost 550 m2 of treated floor area. For the non-
residential buildings is the calculation based on the German norm DIN 277.  
 
The calculation of the thermal bridges is not part of this work.  
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Figure 77: Distribution of the object to the 28 segments with different orientation 
 
The Areas worksheet can be seen in Annex 20: Areas Worksheet. 
 
6.2.1.1.5 Ground worksheet: Calculating the Heat Losses from Below-Ground Building 
Components 
Heat losses of below-ground building elements are calculated in this worksheet. The 
calculation follows the EN ISO 13370 procedures.  
 
The ground characteristics of Moist clay were used for the calculation. The heat 
conductivity of the ground is 2 W/m.K and its volume specific heat capacity is 2 MJ/m3.K. 
The area of the floor slab (623,2 m2) and its perimeter length (109,9 m) has to be determined 
as well as the length, orientation (horizontal/vertical), thickness and thermal conductivity 
of the floor slab insulation. Another part of this sheet works with the ground water 
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influence. For the purposes of this project is the ground water table depth determined as 3 
m and its flow rate as 0,05 m/d.  
 
The Ground worksheet can be seen in Annex 21. 
 
6.2.1.1.6 Components: User-Defined Components and Database of Certified Passive 
House Suitable Components 
This worksheet serves as the database of the certified passive house suitable components 
and also for user-defined components. U-values of various glazing and window frames can 
be found here. Regarding the window frames, glazing edge thermal bridge, installation 
thermal bridge and the frame dimensions are determined here as well.  
 
The triple glazing with thermal conductivity 0,53 W/m2.K is designed. As far as the window 
frames are concerned, the wooden frames with thermal conductivity 0,73 W/m2.K are used 
for the windows and wooden frames with thermal conductivity 0,97 W/m2.K are used for 
the south glazed façade.  
 
Another component determined in this worksheet is the Ventilation unit with heat recovery 
and the Passive House compact unit with exhaust air heat pump which is not used in this 
project. The designed ventilation unit has 85% heat recovery efficiency. 
 
The Components worksheet can be seen in Annex 22. 
 
6.2.1.1.7 Windows Worksheet: Window Area Calculations, Window U-Values and Solar 
Radiation 
In this worksheet the windows are modelled. The orientation of the windows is derived 
from the specific area in which is the window installed, as input in the Areas worksheet. 
The window dimensions have to be entered as well as the installation situation, where for 
the windows installed directly to the buildings envelope is selected number “1” and number 
“0” if two windows are abutted symmetrically against each other [see Figure 78]. The type 
of glazing and window frame is selected from the drop-down list where chosen components 
from the Components worksheet are available.  
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Figure 78: Abutted windows with installation factor 
 
Another calculation is about “solar irradiation reduction factor”. This number consider the 
shading, dirt on the windows, incidence angle and the frame area. The shading factor can 
be specified more precisely in the Shading worksheet.  
The Windows worksheet can be seen in Annex 23. 
 
6.2.1.1.8 Shading Worksheet: Calculation of shading reduction factors 
In this worksheet the calculation of total shading factor for glazing surfaces takes place. 
The most important numbers for this thesis are the “overhang depth” and the “distance from 
upper glazing edge to overhang”. These numbers are measured from the glazing edge and 
due to this fact is the depth of the overhang over the southern glazed façade equal 2,06 m 
instead of 1,5 m. The distance from upper glazing edge to overhang is 1,33 m. For the rest 
of the buildings windows is situation more complicated because of the wooden cage which 
is semi-transparent and its shading factor differs throughout the year due to the leafs of the 
vine plants. Nevertheless, there are “Additional reduction factor winter shading” and 
“Additional reduction factor summer shading” numbers which can be used for the specific 
calculation of the shading function of the cage. The non-transparent area shades 
approximately 50% of the exterior wall. With the estimated influence of the plants, the final 
numbers are 65% for winter and 40% for summer additional shading. The major influence 
to the solar gains has the southern glazed façade and the rest of the windows has only a 
little impact to the indoor environment.  
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The “horizontal obstruction shading factor (HOSF)” and “vertical shading factor (VSF)” 
are another number which can be determined in this sheet. The HOSF accounts for 
continuous horizontal obstruction located in front of the windows [see Figure 79]. In the 
case of House of Trees, the only obstructions create trees and plants around the object. The 
height and distance is estimated from the map. The VSF accounts for the shading effect of 
an exterior vertical element. In this case, the VSF is influenced only with the side of reveal 
of a window casing [see Figure 80].  
 
 
Figure 79: Shading by a continuous horizontal obstruction 
 
 
Figure 80: Shading by a window reveal (horizontal section) 
 
The Shading worksheet can be seen in Annex 24: Shading Worksheet. 
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6.2.1.1.9 Ventilation Worksheet: Entering Basic Data and Standard Planning Information 
for the Ventilation System 
This worksheet serves primary for calculation of residential building ventilation. For the 
non-residential buildings is the Additional Ventilation worksheet more appropriate. 
However, the very important numbers have to be selected in Ventilation worksheet, such 
as the “room height” for the calculation of the building´s volume, “Air change rate at 
pressure test”, “Wind protection coefficient” and “Wind protection coefficient, f”. The 
height of the object differs due to the inclination but for the purposes of the calculation is 
determined as 4 m. The Wind protection coefficients are determined according to the table 
contained in the worksheet. Air change rate at pressure test is considered as 0,6 1/h, which 
is the highest air leakage rate permitted for Passive houses. The final calculated number is 
the “Infiltration air change rate”. There is no possibility to perform the air leakage test and 
therefore the standard value used is 0,042 1/h.  
 
The numbers regarding the “Ventilation unit” and “Heat recovery efficiency design” can 
be seen in this worksheet as well.  
 
The Ventilation worksheet can be seen in Annex 25. 
 
6.2.1.1.10 Additional Ventilation Worksheet: Planning Ventilation systems with multiple 
ventilation units 
This worksheet is conceived as an extension of the Ventilation worksheet. Multiple 
ventilation units can be determined here, but there is only one unit designed for the House 
of Trees. The used unit is selected from the drop-down list connected to the Components 
worksheet.  
 
The very important number determined here is the air quantity for the object. Since the 
building educational centre, the air quantity of 18 m3 for person and hour is selected. This 
number corresponds with the recommended range of the air amount for the schools and day 
care centres (15-18 m3/(person.h)) taken from the appropriate sources [see Kah et al. 2010]. 
 
The final volume flow necessary for 162 people is 2916 m3/h in heating period. 
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Another important values are utilisation times, where the number of hours in day, days in 
week and weeks in year during which is the building used, are determined.  
 
The Additional Ventilation worksheet can be seen in Annex 26. 
 
6.2.1.1.11 Annual Heating Worksheet: Calculating the Annual Heating Demand According 
to the PHPP Method 
This worksheet is only informative and all values are automatically retrieved from other 
worksheets. No data entry is required.  
 
The PHPP method follows the European Standard EN 13790 [DIN EN ISO 13790]. 
The calculation of heating demand follows the formula from the Figure 81. 
 
 
Figure 81: Energy balance diagram 
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The solar gains create majority of heat gains during the heating period. This proves the 
successful design of southern glazed façade through which the Sun supports the heating 
demand. The heating demand for annual method calculation is 12,6 kWh/(m2.a) [see Figure 
82].  
 
Figure 82: Energy balance heating (annual method) 
 
The Annual Heating worksheet can be seen in Annex 27. 
 
6.2.1.1.12 Heating Worksheet: Calculating the Annual Heating Demand According to EN 
13790 / Monthly Method 
The energy balance of annual heating is calculated using a heating period method. 
However, the monthly method of the EN 13790 performs an energy balance for each month 
of the year. For this calculation, all the building data are adopted from the Annual Heating 
worksheet. 
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The storage capacity number is required for this calculation. This value is adopted from the 
Verification worksheet. The heating demand for monthly method calculation is 13,1 
kWh/(m2.a) [see Figure 83]. 
 
 
Figure 83: Specific annual heating demand – monthly and annual method 
 
The Heating worksheet can be seen in Annex 28.  
 
6.2.1.1.13 Heating Load Worksheet: Determining the Space Heating Load 
This worksheet serves for calculation of the maximal building heating load and determines 
heat losses as well as heat gains and the thermal inertia in an adequate manner. This 
calculation is suitable only for Passive houses.  
 
The maximal heating load can occur in two situations: on a cold but sunny day with 
cloudless sky, or on a moderately cold but overcast day with minimal solar radiation. Each 
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situation is calculated and the maximum from both of them is the final heating load [see 
figure]. The final heating load for the object is 6,728 kW.  
 
The maximum heating load transportable through the supply air is calculated on this sheet 
as well. The minimal temperature of the supply air sufficient for the building heating is 
40°C.  
 
The Heating load worksheet can be seen in Annex 29.  
 
6.2.1.1.14 SummVent Worksheet: Ventilation in Summer 
As already mentioned in the 6.1.4 and 6.1.5 chapter, the night ventilation together with 
background ventilation is designed for the cooling of the House of Trees. In this worksheet, 
the necessary values for summer ventilation are determined.  
 
For the hygienic reasons, the air change in the summer should be approximately 50% higher 
than in the winter. The air exchange via ventilation system with supply air is determined as 
0,48 1/h with the ventilation unit containing the automatic bypass, controlled by 
temperature difference.  
 
The minimum acceptable indoor temperature for the additional summer ventilation for 
cooling (night cooling) is chosen as 22°C with mechanical type of additional ventilation, 
which is automatically controlled. The control is based on the temperature difference and 
the corresponding air exchange rate is determined as 0,2 1/h.  
 
The SummVent worksheet can be seen in Annex 30.  
 
6.2.1.1.15 Summer Worksheet: Calculation of the Frequency of Overheating 
In this worksheet the information about summer comfort in the object take place. The 
comfort is determined using the frequency in which temperatures rise above the established 
comfort limit expressed as the percentage of the total time of the year.  
 
The final frequency of overheating is 4,3% with the overheating limit 26°C. In general, 
values under 10% of overheating frequency are desirable [see Table 5].  
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Table 5: Assessment of the frequency of overheating 
 
The PHPP calculates with the values considering the whole object. There is no calculation 
for specific rooms possible.  
 
Figure 84: Temperatures and additional ventilation demand in summer 
 
The Summer worksheet can be seen in Annex 31.  
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6.2.1.1.16 DHW + Distribution worksheet: Calculating the Heat Losses Through Plumbing 
The heat losses of the distribution system for space heating and DHW are calculated in this 
worksheet. The heat lost through space heating pipes can act as an internal heat source. 
Therefore, the annual heating demand is reduced by a portion of the emitted heat from 
space heating plumbing.  
 
The secondary calculations can be used for determining the heat loss coefficient Ψ for the 
distribution lines and hot water storage losses. The necessary inputs for Ψ calculation are 
nominal width of the pipes, insulation thickness, thermal conductivity of the insulation and 
reflectivity of the insulation surface. The final result has to be used for the primary 
calculation. The specific heat losses storage (W/K), room temperature and typical 
temperature of DHW is necessary for water storage heat losses calculation.  
 
For the purposes of the calculation is the nominal width of the ventilation ducts 250 mm 
with 30 mm thick insulation. The ducts length is 147 m and the design flow temperature of 
supply air is 40°C. 
 
The DHW distribution losses differs according to the type of the DHW preparation. The 
circulation pipes are not needed for the direct water heater near every group of washing-
basins and therefore are not included. For the storage hot water preparation is circulation 
plumbing considered as 60 m long with exterior diameter equal 12 mm and insulated with 
24 mm thick insulation. The length of individual pipes is considered in both cases and is 
determined as 6 m for 9 water basins, one sink and one bidet. The already mentioned 
amount of hot water per person and day is 1 l. Designed water storage is for 100 l and its 
thermal loss is 43 W. Another important number is “daily circulation period of operation” 
(9 h), “tap openings per person per day” (1) and “utilization days per year” (300). 
 
The lengths of the pipes were measured in the 3D model. [see Figure 70 and Figure 85] 
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Figure 85: 3D model of circulation pipes 
 
The final heat losses of DHW with circulation pipes are 8,8 kWh/(m²a) and for DHW 
without circulation are 7,6 kWh/(m²a).  
 
The DHW + distribution worksheet for DHW with circulation variant can be seen in Annex 
32. 
The DHW + distribution worksheet for DHW without circulation variant can be seen in 
Annex 33. 
 
6.2.1.1.17 PV Worksheet: Calculating the Yields from a PV Array 
This worksheet is used for the calculation of the yields from a photovoltaic system. 
“Nominal current”, “Nominal voltage” and “Temperature coefficient short-circuit current” 
are the numbers which have to be taken from manufacture´s data sheet. The technology of 
PV modules can be selected from the drop-down list.  
 
Another data necessary to determinate are “Number of modules”, “Deviation from North”, 
“Angle of inclination from horizontal”, “Height of module array”, “Height of horizon”, 
“Horizontal distance”, “Additional reduction factor shading” and “Efficiency of the 
inverter”.  
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The PV modules are following the convex shape of the southern side of the object. For the 
purposes of the PV electricity yields calculation is the convex shape simplified to the simple 
line with deviation 176° from north. After the PHPP calculation, the comparison with 
PVGis [PVGis 2016], the internet free solar photovoltaic energy calculator, was made. 
Than the numbers were adapted in order to get similar results in both PVGis and PHPP 
calculation.  
In order to find out how big difference would make the various deviation of every PV 
module, the number of modules was divided into three parts. The first part contains 25% 
of PV modules and has deviation 155° from north. The second part represent 50% of PV 
modules and its deviation is 176° from north. The third part is deviated from north about 
197° and contains also 25% of modules. The PHPP calculation offers only one direction of 
modules and cannot be divided into three groups. The PVGis software was used for the 
verification and the results show than the different deviation does not make any major 
difference. The maximal number of PV modules with 30° of inclination from horizontal 
which would fit into the area of the roof would be 116. That makes approximately 28 
modules in each group containing 25% of the PV modules and 60 modules in the 50% 
group. The final results show that the simplified model of PV installation would produce 
35 200 kWh per year. The second model which is divided into three groups in order to 
follow the building shape would produce 35 040 kWh per year. The difference only 160 
kWh per year is considered insignificant and the following calculations use the simplified 
model.  
 
The convex shape of PV modules installation would provide more constant electricity 
production during the whole day.  
 
For the comparison of PVGis and PHPP calculation see Annex 34.  
 
The Passive House Classic can be achieved without any energy generation from 
photovoltaics. But there are 22 modules designed for the basic electricity supply. [see 
Figure 86] 
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Figure 86: PV production calculation, 22 panels, 30° inclination 
 
The whole PV worksheet can be seen in Annex 35.  
 
6.2.1.1.18 Use Non-Res Worksheet: Non-Residential Buildings User Profiles for the 
Calculation in Electricity Non-Res and IHG Non-Res 
The user profiles for non-residential buildings are given in this worksheet. There is 
possibility either to determine the profiles with user own data or to use predefined use-
profiles according to [DIN V 18599-10]. The typical use in part of the building is described 
in every profile which is defined with each entry in a row.  
 
Every room of the House of Trees was determined in this sheet specifying the utilization 
hours, annual utilization days, illumination level, height of the illumination level, Relative 
absenteeism, Part use factor of building operating period for lighting and Average 
occupancy [m²/Pers.] 
 
The Non-res worksheet can be seen in Annex 36.  
 
87 
 
6.2.1.1.19 Electricity Non-Res Worksheet: Calculation of the Electricity Demand for Non-
Residential Buildings 
The electricity demand for lightning can be determined in the first part of this worksheet. 
The room type from the Non-res Worksheet must be selected. The façade shading is 
automatically adopted from the Windows worksheet. The room geometry, window width, 
windowsill height, and shading, the day lightning degree is evaluated in the column 
“Daylight Utilization”. For the installed lightning power, the VDI 3807 guideline was used 
and adjusted according to its older date of publishing. [VDI 3807 2008] 
 
The second part of this worksheet is dedicated to the electricity demand for electronic and 
kitchen devices. As already told, there are very energy efficient devices used in the object. 
The power rating of every computer and monitor is 10 W. For the cooking in the snack bar, 
there is natural gas from the gas tank used. There will be low energy demands for the 
cooking and therefore the gas tank would be sufficient as the source of the heat. The 
dishwasher is connected to the DHW storage. This connection is possible only in the DHW 
with circulation variant. Otherwise is the water for dishwashing heated with electricity.  
 
The Electricity non-res worksheet can be seen in Annex 37.  
 
6.2.1.1.20 Aux. Electricity Worksheet: Calculating the Auxiliary Electricity Demand 
The “auxiliary energy” term means all electrical consumption necessary to run or control 
the building´s mechanical systems, such as heating, ventilation and DHW systems. The 
calculation of auxiliary energy takes place in this worksheet.  
 
For the variant with space heating and DHW preparation covered by biomass boiler is the 
auxiliary primary energy demand 16,5 kWh/year. [see Annex 38] 
For the variant with space heating and DHW preparation covered by heat pump is the 
auxiliary primary energy demand 21,7 kWh/year. [see Annex 39] 
For the variant with space heating covered by heat pump and DHW preparation covered by 
electricity is the auxiliary primary energy demand 20,5 kWh/year. [see Annex 40]  
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6.2.1.1.21 HP Worksheet: Calculating Heat Pumps 
This worksheet serves for the annual primary energy demand and coefficient of 
performance (COP) calculation. This sheet is connected with HP ground worksheet which 
contains additional information regarding ground collectors.  
 
The type of the heat pump and distribution system must be selected, together with storage 
location and its specific heat losses (1,8 W/K), if there is any storage of hot water in the 
heating system. In the second part of the worksheet, the possibility for DHW preparation 
by heat pump can be determined. The information for DHW preparation consist of location 
of water storage with its specific heat losses (1,3 W/K), type of the backup heater 
(continuous-flow heater, electrical), if the heat pump for space heating is the same one as 
for DHW heating (yes) etc. Than the depth of ground heat exchanger (1,5 m) and power of 
pump for ground heat exchanger (0,1 kW) must be determined.  
 
Results from HP worksheet can be seen in Figure 87 and Figure 88 or in Annex 41 and 
Annex 42.  
 
 
 
Figure 87: Information about the heat pump for space heating and DHW preparation 
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Figure 88: Information about the heat pump for space heating 
 
6.2.1.1.22 HP Ground Worksheet: Subsoil Heat Exchanger as a Source for the Heat Pump 
This worksheet is connected with HP worksheet and should be filled if geothermal probes 
or a horizontal subsoil heat exchanger are selected as the heat source in the HP worksheet. 
 
The horizontal subsoil heat exchanger is used in the House of Trees design. The main 
information for specific heat exchange rate calculation consist of inner radius of pipe (0,02 
m), exterior radius of pipe (0,023 m), thermal conductivity of pipe (0,35 W/(mK)), pipe 
spacing (0,9 m), base area (421 m2) and brine characteristics with its mass flow (1 kg/s). 
The depth of pipes is adopted from the HP worksheet.  
 
The HP ground worksheet can be seen in Annex 43.  
 
6.2.1.1.23 Boiler Worksheet: Calculating the Performance Ratio of Boilers 
The boiler performance ratio for the residual space heating and DHW supply is calculated 
in this worksheet. The DIN V 4701-10 serves for calculation of the performance ratio. 
 
The input parameters for the calculation are already transferred from appropriate 
worksheets. The only two information selected in this worksheet are the boiler type and 
characteristic data of the heat generator. Because there is no possibility to choose wood 
chips as fuel for heating, the boiler type is selected as “wood pellet burning (direct and 
indirect release of heat)”. Regarding the heat generator characteristic data, the letter N is 
selected. That means that standard values in accordance with DIN V 4701-10 are applied.  
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The Boiler worksheet can be seen in Annex 44.  
 
6.2.1.1.24 PE Value Worksheet: Calculating the Primary Energy Demand and CO2 
Emissions 
The total primary energy (PE) demand calculation takes place in this worksheet. By stating 
the percentage of space heat provided by each system, the combination of different heating 
systems is possible. This applies to the DHW system as well. For the purposes of House of 
Trees calculation, there is no combination for heating and DHW systems necessary.  
 
The primary energy demand is calculated using the non-renewable primary energy factor 
of the energy carrier. The primary energy factors are taken from [DIN V 4701-10] and 
[Gemis] (adjusted for European conditions). Another calculation contained in this sheet is 
“total emissions CO2-Equivalent”, “specific PE demand - mechanical system”, “total 
emissions CO2-equivalent - mechanical system”, “solar electricity specific demand”, “PE 
value: conservation by solar electricity” and “saved CO2 emissions through solar 
electricity”.  
 
Unfortunately, the Passive House Classes were introduced together with PHPP version 9 
in 2015. Now the most actual version is 9.6 from the year 2016. The new version of PE 
calculation differs from the older version which is used for this Thesis. There are two PE 
values in the new version of PHPP: The non-renewable and renewable. The renewable PE 
has different primary energy factor and is the most important number which is used to 
classify the Passive Houses. The PE factor for renewable PE also differs according to the 
system for which is the energy used and according to the season in which is the energy 
used. The renewable PE factor for DHW preparation with electricity is 1,3 while the factor 
for non-renewable PE is 1,8. For example, the renewable PE factor for cooling equals 1,1. 
The wood chips are available as the source of energy in the PHPP 9.6. Its renewable PE 
factor is 1,1 while is the non-renewable equals 0,2. Renewable PE factor for gas is 1,75 and 
its non-renewable PE factor is 0,2. This approach considers that in the future building 
design, there will be only renewable sources of energy used. [PHPP 2016] 
 
Another change is about PV production. In the PHPP 8, the calculation of electricity 
production took into consideration the treated floor area. In the new version of PHPP, the 
electricity production is calculated according to the built up area of the object. The built 
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area of the House of Trees is about 624 m2. In addition, there is a non-renewable PE value 
factor for photovoltaics in PHPP 8 version. This factor considers the efficiency of the PV 
production according to the panel´s orientation, angle of inclination from horizontal, 
shading, efficiency of the inverter etc. It is based on the fact that there is a non-renewable 
PE production during the photovoltaic panels manufacturing. The more efficient the panels 
are the lower the non-renewable PE value is. In the PHPP 9.6 version, the non-renewable 
PE value factor is equal “0” while the renewable factor is equal “1”. This is a different 
approach which considers that all produced energy from photovoltaics is renewable. [PHPP 
2016] 
 
These differences made the final calculation and Passive House classification more 
difficult. The copy of PE worksheet was made and the primary energy factors were 
changed. The area for the PV calculation was changed as well. The results from the new 
worksheet named “PE values renewable” can be used for the passive house classification.  
 
For the PE value worksheet of each variant, see Annex 45 - Annex 47. 
For the PE value renewable worksheet of each variant, see Annex 48 - Annex 50. 
 
6.2.1.2 Results 
After the PHPP calculation, the results show that there is no problem to achieve Passive 
House Classic standard [see Figure 89 and Table 6]. 
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Figure 89: Passive House Classic results [PHPP 2016] 
 
 
Table 6: Passive House Classic results 
 
7 Passive House Premium Variant 
For the Passive House Premium Variant, the same PHPP model was used. It is certain, that 
to achieve higher Passive House energy standard would require additional adjustments in 
terms of either thermal envelope or technical equipment. A huge solar electricity production 
is necessary for PHP energy standard.  
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From the PHPP energy classes diagram [see Figure 5] and Passive house classes criteria 
[see Table 1], it can be seen, that the requirements for the specific demand of renewable 
primary energy needed for PHP can be reduced with higher renewable electricity 
production and conversely.  
 
If there is approximately 150 kWh/(m²a) renewable energy production from PV system, 
the required renewable PE demand limit can be 45 kWh/(m²a). This number is already 
reached in the first variant of the energy design. In the second and third variant, there are 
some adjustments necessary.  
 
7.1 Required adjustments 
7.1.1 Construction adjustments 
The thermal envelope of the object is already on very high quality level. But in order to 
lower renewable PE demands below the 45 kWh/(m²a) limit, the U-values of the building 
elements can be improved. The adjustments were made in the U-values worksheet in the 
PHPP software. The thickness of the wall insulation was increased by 80 mm, the thickness 
of the roof insulation was increased by 100 mm and the thickness of the floor above ground 
insulation was increased by 200 mm [see Figure 90].  
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Figure 90: U-values for Passive House Premium variant 
 
7.1.2 Technical adjustments 
7.1.2.1 Electricity Demand Adjustments 
The majority of electricity demand consist of the auxiliary electricity and the electricity for 
the lightning. These demands could be reduced with even more efficient devices and more 
energy-saving LED lights. In the Passive House Classic calculation, there were already 
very efficient devices designed and therefore, no adjustments are made in this chapter.  
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7.1.2.2 Solar system 
The solar system is the main part of the Passive House Premium design. The original design 
accounted with PV panels with angle of inclination from horizontal about 30° which is 
ideal angle for the highest efficiency of the electricity production. The rows of the panels 
are 2,35 m far from each other in order to avoid inappropriate shading. [see Figure 25] 
 
There can be 116 PV panels with ideal inclination placed on the roof but this amount is 
insufficient in order to achieve PHP energy standard. But the roof offers approximately 620 
m2 area which can be used for more PV panels at the cost of lower efficiency. Every module 
covers area of 1,6 m2, that means that there can be approximately 380 modules installed on 
the roof top. The inclination of the panels would be either none or very low (1,5°) because 
of the rain water treatment and cleaning.  
 
7.1.3 PHPP Calculation 
7.1.3.1 Heating Demand 
The new annual heating demands for both the annual and monthly method can be seen in 
following Figure 91. The whole worksheet can be seen in Annex 51. 
 
Figure 91: Specific annual heating demand after building´s thermal envelope improvement 
– monthly and annual method 
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7.1.3.2 Heating Load  
The heating load for the PHP energy variant is 6,289 kW after the adjustments. The 
sufficient supply air temperature for heating is only 38° now.  
 
For the PHP Heating load worksheet see Annex 52. 
 
7.1.3.3 Space Heat Distribution 
With the reduced heating load and supply air temperature, the specific losses through the 
space heat distribution are reduced as well. [see Figure 92] 
 
 
Figure 92: Passive House Premium space heat distribution 
 
7.1.3.4 PV 
The three variants of PV number, placement, and its angle of inclination from horizontal 
were calculated in the PHPP software. The first one considers 116 PV modules with the 
angle of inclination 30°. The second one consist of 380 PV modules which follows the 
roof´s angle of inclination -1,5°. And in the last variant, there are also 380 PV modules but 
their angle on inclination is 1,5°. [see Figure 93 - Figure 95] 
 
97 
 
 
 
Figure 95: PV design, variant 3 
 
7.1.3.5 Heat Pump 
After the improvement of the U-values of the building´s elements, there is a big difference 
in the heat pump calculation of the second variant in which the space heating is covered by 
heat pump while the DHW is heated with electricity. The heat generation efficiency of the 
HP in the second variant is now 28% instead of the original 39%. The heat pump properties 
for the third variant are the same as before. [see Figure 96 and Figure 97] 
Figure 93: PV design, variant 1 Figure 94: PV design, variant 2 
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Figure 96: Heat pump, the second variant 
 
Figure 97: Heat pump, the third variant 
 
7.1.3.6 PE Values 
After the adjustments, the PE values as well as the PE values renewable are different. The 
final results are discussed in the following chapter 7.1.4.  
 
For the PE value worksheet of each variant, see Annex 53 - Annex 55.  
For the PE value renewable worksheet of each variant, see Annex 56 - Annex 58.  
 
7.1.4 Results 
After the additional adjustments and PHPP calculation, the results show that the Passive 
House Premium can be achieved with the improved thermal envelope of the building and 
the whole roof covered with photovoltaics.   
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The second variant with the space heating provided by the heat pump and DHW heated by 
electricity is affected the most by the improvement of the building´s thermal envelope. The 
heat generation efficiency of the heat pump in this variant is reduced significantly. After 
the calculation, the third variant is even worse than the second one because of the DHW 
preparation by the heat pump. The heat generation efficiency of the HP for DHW and 
heating remained the same as before in this case. The thermal envelope improvement 
cannot reduce neither the DHW demand nor its required temperature. The first variant 
remained almost the same as before with reduction only by 0,6 kWh/(m2a).  
 
 
Table 7: Passive House Premium results after the thermal envelope improvement  
 
With the usage of the whole roof area and very efficient PV panels, the production of 157,7 
kWh/(m2a) can be achieved with the angle of inclination 1,5° and 153,6 kWh/(m2a) with 
the angle of inclination -1,5°. Only this placing and orientation of PV modules can produce 
enough renewable energy demanded for the PHP energy standard. The whole roof filled 
with ideally inclined PV modules can produce 56 kWh/(m2a). [see Table 8] Despite the 
lowest efficiency, the roof following inclination is considered as the best one. 
 
 
Table 8: Specific solar electricity production 
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Figure 98: Passive House Premium results [PHPP 2015] 
 
8 Comparison of results and conclusions  
8.1 Comparison of results 
After the both Passive House Classic and Passive House Premium calculation, there is a 
comparison of results appropriate. The final table containing important data from previous 
chapters was made. [see Table 9] 
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Table 9: The final comparison table 
 
8.2 Conclusions 
As expected, the Passive House Classic energy standard is easier to achieve. With the 
lowest renewable primary energy demand and no requirements for energy production, it is 
the most comfortable Passive House energy standard to realize. On the other hand, the 
Passive House Premium energy standard is relatively difficult to reach. But when the PHP 
is designed properly, then the final result represents almost independent object with huge 
amount of produced energy.  
 
Is there any need of improving the building´s thermal envelope once it has already been in 
PHC standard?  
 
In this thesis, the thermal envelope had to be improved in order to achieve PHP standard 
for the second and third variant. The first energy variant using the biomass boiler for both 
space heating and DHW preparation did not need any thermal envelope improvement. But 
after the object is well insulated, an additional insulation does not do a big difference in the 
final results. The second and third energy variant of the House of Trees was only a few 
points over the limit for PHP standard and there was only a little insulation improvement 
needed. The big opportunity in terms of reducing the renewable primary energy demand 
represent the lightning and auxiliary electricity demand. There were already a very energy 
efficient electrical devices and lights designed, but these things improve very fast 
nowadays.  
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Regarding the photovoltaic design, there are a lot of PV panels with not ideal angle of 
inclination designed in order to achieve PHP energy standard. This measures would 
definitely affect the green roof design, rainwater treatment and possibly even the 
architectural design of the building. The undivided layer of photovoltaics would create 
shading inappropriate for the plants. Even the cooling through the Sun-Root system would 
not be effective. The inclination of the PV panels follows the roof at the cost of lower 
efficiency but the rain water treatment would be affected in terms of the water accumulation 
in the roof composition. Also the cleaning of the undivided photovoltaic area would be 
difficult. Either the PV panels would have to be resistant enough to withstand the weight 
of the person or there would have to be gaps between the PV rows. That would again lead 
to the lower number of modules and reduced energy production. Another solution could be 
an automatic cleaning system of PV panels.  
 
All three energy variants designed are suitable for both PHC and PHP. But the first one 
would reach the PHP limits with no additional adjustments regarding the building´s thermal 
envelope. This variant also uses the local wood for heating and DHW preparation. These 
facts make the first variant the best one. Another two energy variants use the heat pump as 
the main source of energy. The electricity demand for the HP operation differs according 
to the HP heat generation efficiency. The second energy variant represents the HP with 
better heat generation efficiency than the third variant. This fact together with more 
appropriate way of DHW preparation makes the second variant the better one. Another 
thing is, that the heat pump in the PHP energy standard can be supplied with the 
photovoltaic electricity for the whole year. That is unfortunately something the PHPP 
version 8 cannot calculate. The combination with the proper battery design would make the 
second and third energy variant independent in terms of electricity from the grid demand.  
 
 
 
 
I believe that the original design of the House of Trees has been improved and that every 
task and question stated in the beginning of this Thesis has been reached. The new 
architectural design together with the material and energy optimisation has made the House 
of Trees a better and more sustainable building than it was before.
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Annex 1: Root Zone System Calculation [ČSN 75 6402, 1998] 
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Annex 7: Round Girder Calculation 
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Annex 8: Column 1 Calculation 
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Annex 9: Column 2 Calculation 
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Annex 10: Weight of the Cage Calculation 
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